Introduction {#Sec1}
============

Sleep is a basic need for human beings and is especially important for healing and survival in critical illness \[[@CR1],[@CR2]\]. Sleep deprivation impairs immune function, decreases inspiratory muscle endurance, negatively affects weaning from mechanical ventilation, prolongs ICU stay and has been associated with delirium and mortality in the ICU \[[@CR1],[@CR3]-[@CR6]\]. Yet previous studies have been consistent in describing the poor sleep of ICU patients. A number of polysomnography (PSG) studies have shown that ICU patients commonly have broken, light sleep with a lack of slow-wave sleep and rapid eye movement (REM) sleep \[[@CR6]-[@CR9]\]. Meanwhile, surveys have identified poor sleep as one of the most frequent complaints among ICU survivors \[[@CR5],[@CR10]\].

Numerous factors including sedation, environmental factors, disease and mechanical ventilation have been reported to contribute to sleep disturbance in ICU \[[@CR5],[@CR11],[@CR12]\]. Evidence has suggested that excessive noise and continuous light exposure are common in ICU settings \[[@CR4],[@CR8],[@CR13]-[@CR15]\]. Noise has been widely cited as the most common cause of sleep disruption in the critically ill \[[@CR14],[@CR16]\].

The World Health Organization (WHO) has recommended that the average noise levels in hospital wards should not exceed 30 dB (A) during day or night, and peak levels should not exceed 40 dB (A) during the night \[[@CR17]\]. Unfortunately, most studies have shown that noise levels in the ICU are much higher than these recommendations. The peak noise levels in the ICU routinely exceed 80 dB (A) \[[@CR4],[@CR8],[@CR13],[@CR14],[@CR16]\]. The equivalent sound pressure level exceeding 30 dB (A) indoors for continuous noise and peak noise levels at 45 dB (A) or less may negatively affect sleep and result in sleep disturbance \[[@CR17]\]. More than 70 dB (A) of noise may result in vasoconstriction, increased heart rate, hypertension and even arrhythmias \[[@CR18]\].

Moreover, continuous light exposure is another noxious and disruptive environmental factor affecting sleep in the ICU. Light plays a vital role in synchronization of the circadian rhythm. Chang *et al*. found that light levels of the range of approximately 30 to 50 lux in the angle of gaze delayed the circadian clock, acutely suppressed melatonin and disrupted sleep \[[@CR19]\]. Chellappa *et al*. reported that light can impact directly upon sleep structure at low light levels (40 lux) \[[@CR20]\]. Continuous light measurements made in four ICUs show that the mean maximum nocturnal level ranges from 128 to 1,445 lux, which is high enough to suppress melatonin, and may affect sleep and biological rhythm \[[@CR4]\].

In the past 20 years, multiple strategies have been proposed to optimize sleep in the ICU. A number of studies have been carried out on the effects of non-pharmacologic interventions for sleep promotion in ICU patients \[[@CR21]-[@CR25]\]. Using protective devices such as earplugs and eye masks and listening to music are important options in this field \[[@CR23]-[@CR25]\], although no clinical studies have been published that used all three strategies in combination. Several studies have investigated applying protective earplugs and eye masks in ICU patients or in an ICU simulated environment \[[@CR24]-[@CR28]\]. In our previous study with healthy adults in a simulated ICU environment, using earplugs and eye masks improved REM sleep, reduced REM sleep latency and arousals indices, and affected nocturnal melatonin and cortisol secretion levels \[[@CR28]\]. Our aim in this study was to evaluate the effects of using earplugs and eye masks, combined with listening to music, on sleep and hormone secretion in ICU patients.

We hypothesized that a reduction of noise and light during the night using earplugs and eye masks combined with listening to sleep-inducing music could be beneficial in sleep promotion and the protection of nocturnal melatonin and cortisol secretion in ICU patients. To test this hypothesis, a randomized controlled clinical trial (RCT) was conducted in cardiac surgical patients during postoperative nights in an ICU.

Materials and methods {#Sec2}
=====================

This study was a prospective single-center randomized controlled parallel-group clinical trial performed within a 21-bed Cardiac Surgical Intensive Care Unit (CSICU) of Fujian Medical University Union Hospital, Fuzhou, China. It was approved by the Hospital and Fujian Medical University Research Ethics Boards. The trial was registered in the Chinese Clinical Trials Registry (ChiCTR-IOR-14005511). Written informed consent for participation in the study was obtained before surgery.

Participants and study settings {#Sec3}
-------------------------------

Study participants were recruited from March 2009 and September 2009. The inclusion criteria were: (1) primary and elective cardiac surgery; (2) age ≧40 years; (3) with normal liver, kidney and lung preoperative function and without history of diabetes; (4) no history of neurological or psychiatric disorders; (5) ability of patients to communicate verbally and understand the sleep questionnaires administered before surgery and after being transferred from the ICU; (6) length of ICU stay ≥48 hours; (7) Glasgow coma score (GCS) \>10 in the first and second postoperative days; and (8) stable hemodynamics postoperatively. Exclusion criteria were: (1) severe sleep disorder requiring daily treatment before surgery; (2) patients with severe postoperative complications; (3) presence of postoperative renal failure; (4) presence of thoracic aortic dissection; (5) postoperative unconsciousness, coma or delirium; and (6) cardiac valve replacement or congenital heart disease requiring sedation and analgesics after surgery. Staff members were asked to continue all usual routines and care practices and to make no special attempts to decrease noise during the study.

Intervention and randomization {#Sec4}
------------------------------

Patients were randomly assigned to two different groups using the closed-envelope method. The control group received routine care during the nights after surgery and the experimental group received protective devices (wearing earplugs and eye masks during nocturnal sleep) with 30 minutes of relaxing music on the basis of routine care.

After randomization, earplugs (3 M Corporation, Beijing, China) and eye masks were provided 2 to 3 days before surgery and patients in the intervention group were asked to wear them. Meanwhile, the researcher explained to them that they should wear the earplugs and eye masks during their postoperative stay in ICU to ensure rest and instructed patients to use them properly. The patients chose from three types of eye mask provided. Providing the earplugs and eye masks preoperatively allowed patients to adapt to wearing earplugs and eye masks, and it also helped to play a role in establishing a time cue. During the postoperative ICU stay, ICU nurses assisted patients with wearing earplugs and eye masks from 9:0 pm every night until the next morning. Pieces of music for relaxing and implying time of day were collected and recorded on an MP3 player. Sounds of nature and bird songs were selected to imply morning. Sounds of frogs and waves were selected to imply evening. Pieces of classical music, including *Blue Danube*, *Morning Song*, *Lofty Mountains and Flowing Water*, *Clouds Chasing the Moon*, *Lotus Emerging out of Water*, and *Moonlight Sonata*, et cetera, were selected as relaxing music. Patients used earphones to listen to the corresponding music at 8:00 to 9:00 pm and 7:30 to 8:30 am every day after surgery. The duration of listening to music was 30 minutes. The music volume was set at a comfortable level for each participant. The MP3 music was supplied through earphones to the participants. Sometimes listening to music had to be stopped due to need for immediate care; when this occurred, the period of listening to music was shifted, although the range remained within the period of 9:00 pm and 8:30 am. During the night when care-givers needed to interact with the patients, whether or not the earplugs and eye masks were retained was left up to the nurses' judgment, patients' request and specific circumstances. For patients who did not like the music that was provided, we reselected other pieces of music for them on the basis of the requirement to relax the patients and help them sleep. Those who were strongly disinclined to listen to music were withdrawn from the study. In the control group, no interventions mentioned above were offered to the patients and routine preoperative and postoperative medical care was provided.

Reasons for study termination criteria were: (1) disease aggravation threatening the patient's life; (2) death; (3) patient request for withdrawal; (4) transfer out of the ICU less than 2 nights postoperatively; and (5) serious adverse reactions.

Data collection and measures {#Sec5}
----------------------------

Demographic and clinical data were collected from the patient's record. Acute physiology and chronic health evaluation (APACHE) II severity-of-illness scores for the initial 24-hour period of admission to the ICU and preoperative cardiac function were calculated to assess severity of illness.

Assessment of sleep perception {#Sec6}
------------------------------

Subjective sleep quality during the ICU stay was evaluated 1 to 2 days following transfer out of the ICU, using the Chinese version of the Richards-Campbell sleep questionnaire (RCSQ). The original RCSQ had six items and evaluated aspects of nighttime sleep including: (1) depth; (2) latency (time to fall asleep); (3) number of awakenings; (4) efficiency (percent of time awake); (5) quality; and (6) perceived nighttime noise measured on a 100-mm visual-analog scale (VAS) \[[@CR29]\]. The RCSQ was pilot-tested in a medical ICU \[[@CR30]\] and validated with overnight polysomnography (PSG) in medical ICU patients \[[@CR29]\]. Cronbach's alpha value of the Chinese RCSQ in this study was 0.84; higher scores indicate poorer perceived sleep quality in this Chinese version of the RCSQ. The patients filled out the Pittsburgh sleep quality index questionnaire (PSQI) \[[@CR31]\] before surgery to evaluate the quality of sleep one month before surgery.

Nocturnal melatonin and cortisol levels {#Sec7}
---------------------------------------

Nocturnal urine (12-hour) was collected between 8:00 pm and 8:00 am on the day before surgery and the first and second days after surgery. The containers were wrapped with black plastic to protect the urine from light. The total volume was recorded and two 2-ml samples were frozen to −20°C for later analysis. Concentrations of 6-sulphatoxymelatonin (6-SMT), the stable metabolite of melatonin, were measured by ELISA (IBL, Hamburg, Germany) in duplicate. Concentration of cortisol, a stress-related hormone, was measured in another urine sample by radioimmune assay (RIA) (Beijing North Institute of Biological Technology, Beijing, China).

Nocturnal noise and light levels {#Sec8}
--------------------------------

The nocturnal 12-hour (from 8:00 pm to 8:00 am) noise level in the ICU was monitored continuously using a digital sound level meter (model AWA5610, AWAI, Hangzhou, China.) The light intensity between 8:00 pm and 8:00 am in the ICU was measured at the eye level of the patient once every two hours using a light detector (model TES1332,Taiwantes, Shenzen, China).

Statistical analysis and sample size {#Sec9}
------------------------------------

Data were analyzed using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). Measurement data were expressed as mean ± standard deviation and count data were expressed as ratios. The independent samples *t*-test or non-parametric Wilcoxon rank sum test were used for comparison of the groups, and the chi-square (χ^2^) test was used for comparison of count data. One-way repeated measures analysis of variance (ANOVA) was used to determine differences in 6-SMT and cortisol concentrations at different points in time. An alpha of 0.05 was considered significant.

The sample size was calculated based on our pilot study, which found that the estimated standard deviation of mean sleep score in ICU patients was 27. We hypothesized that the non-pharmacological intervention could improve the sleep quality by inducing a 28-point difference of total mean sleep score between groups. Using an effect size of 0.8 and a *P*-value ≤0.05, the required sample size for each group was calculated as 20 per group, but 25 per group were recruited after considering a 10% dropout rate.

Results {#Sec10}
=======

Sample characteristics {#Sec11}
----------------------

In total 50 patients who met the inclusion criteria were enrolled and randomly divided into the two groups (intervention = 25; control = 25). In the intervention group, five patients were withdrawn due to serious postoperative complications (n = 2), refusal to wear earplugs and eye masks (n = 2), and refusal to listen to music (n = 1). Thus, data analyses were carried out for 20 cases in the intervention group and 25 cases in the control group (Figure [1](#Fig1){ref-type="fig"}). The findings of patients' demographic analysis are shown in Table [1](#Tab1){ref-type="table"}. Both study groups were comparable at baseline, with no significant differences in age, gender, operative time, presence of cardiopulmonary bypass, preoperative cardiac function, APACHE II scores, PSQI scores, duration of mechanical ventilation, length of ICU stay or length of hospital stay (*P* \>0.05).Figure 1**Flow chart of the study.**Table 1**Patients demographic characteristicsVariableControl group (n = 25)Intervention group (n = 20)*P*** **-** ***value***Age, years, mean ± SD56.8 ± 11.256.6 ± 110.97Gender, number of patients0.5Male1611Female99Weight, kg, mean ± SD61.6 ± 11.760.5 ± 12.90.6Surgery, number of patientsCABG430.94Cardiac value replacement1713Congenital heart disease44Operative time, hours, mean ± SD3.3 ± 1.23.3 ± 0.70.96Cardiopulmonary bypass, number of patientsYes19140.7No66APACHE II scores on admission, mean ± SD20 ± 3.121.2 ± 2.90.75Preoperative cardiac function score, number of patientsП330.6Ш2117IV10Duration of mechanical ventilation, hours, mean ± SD22 ± 10.122.7 ± 9.50.8Length of ICU stay, hours, mean ± SD58.9 ± 2053.0 ± 160.29Length of hospital stay, days, mean ± SD22.6 ± 10.820.7 ± 6.10.5Preoperative PSQI, mean ± SD7.5 ± 3.78.6 ± 4.50.3Discharge outcomes of hospital, number of patientsNo death23200.4mortality20CABG, coronary artery bypass surgery; PSQI, Pittsburgh sleep quality index; APACHE, acute physiology and chronic health evaluation scoring system.

All of the seven coronary artery bypass graft (CABG) patients used midazolam (0.05 mg/kg/h) plus fentanyl (1 μg/kg/h) for sedative and analgesic during the first 48 hours post surgery.

Perception of sleep quality {#Sec12}
---------------------------

The independent samples *t*-test showed subjective sleep quality in the intervention group was significantly higher than in the control group (*P* \<0.05). Significant differences were also found between groups in the five items of sleep scoring. Patients' perceptions of nighttime noise were significantly lower in the experimental group than in the control group (*P* \<0.05) (Table [2](#Tab2){ref-type="table"}).Table 2**Comparison of sleep scores between groupsVariables, mean ± SDIntervention groupControl group*P*** **-** ***value***Depth26.7 ± 21.555.5 ± 27.40.00Latency (time to fall asleep)23.7 ± 17.460.4 ± 25.90.00Number of awakenings25.3 ± 16.251.2 ± 26.70.00Efficiency (percent of time awake)21.7 ± 20.963.4 ± 21.90.00Perceived quality23.7 ± 20.654.0 ± 25.50.00Perceived nighttime noise25.0 ± 24.040.2 ± 28.80.047

Nocturnal urinary excretion of 6-SMT and cortisol {#Sec13}
-------------------------------------------------

Total 12-hour urinary excretion of 6-SMT and cortisol (8:00 pm to 8:00 am) in patients during the night before surgery, and the first and second postoperative nights are shown in Figures [2](#Fig2){ref-type="fig"} and [3](#Fig3){ref-type="fig"}, respectively. The Wilcoxon rank sum test showed no significant differences were found between the two groups in 6-SMT levels during the night before surgery (*Z* = −1.27, *P* = 0.22), or the first (*Z* = −0.52, *P* = 0.61) and second postoperative nights (*Z* = −0.03, *P* = 0.97). There were also no significant differences in cortisol levels between the two groups during the night before surgery (*t* = 0.99, *P* = 0.33), or the first (*t* = −0.64, *P* = 0.53) and second postoperative nights (*t* = −0.45, *P* = 0.65) (Table [3](#Tab3){ref-type="table"}).Figure 2**Comparison between groups of urinary excretion of 6-SMT during the night before surgery, and the first and second postoperative nights.** No significant differences were found between the two groups in 6-SMT levels during the night before surgery, or the first and second postoperative nights (*P* \>0.05). 6-SMT, 6-sulphatoxymelatonin.Figure 3**Urinary excretion of cortisol of the night before surgery, the 1st and 2nd postoperative nights between groups.** No significant differences were found in cortisol levels between the two groups during the night before surgery, and the first and second postoperative nights (*P* \>0.05).Table 3**Urinary melatonin and cortisol levels in the groups during the night before surgery, and the first and second nights after surgeryVariablesIntervention groupControl groupPre-surgery nightFirst night post surgerySecond night post surgery*P*** **-valuePre-surgery nightFirst night post surgerySecond night post surgery*P*** **-value**6-SMT, ug23.3 ± 24.3^a^6.1 ± 9.9^a^8.3 ± 12.6^a^0.0133.9 ± 99.9^a^5.6 ± 12.7^a^7.1 ± 9.8^a^0.00Cortisol, ug10.3 ± 8.3^b^95.9 ± 71.2^b^82.5 ± 47.3^b^0.0013.8 ± 8.8^b^82.9 ± 56.9^b^74.9 ± 56.3^b^0.00^a^No significant differences were found between the two groups in 6-SMT levels during the night before surgery (*P* = 0.22), or the first (*P* = 0.61) and second postoperative nights (*P* = 0.97). ^b^No significant differences were found in cortisol levels between the two groups during the night before surgery (*P* = 0.33), or the first (*P* = 0.53) and second postoperative nights (*P* = 0.65).

Repeated measures ANOVA showed the 6-SMT levels of the first and second postoperative nights were significantly lower than those of the night before surgery (*F* = 7.53, *P* = 0.01). The cortisol levels of the first and second postoperative nights were significantly higher than those of the night before surgery (*F* = 88.63, *P* = 0.00).

Nocturnal noise and light levels {#Sec14}
--------------------------------

No significant differences between the groups were observed in the mean noise level during nighttime (intervention: 69.8 ± 2 dB(A); controls: 69.6 ± 2.2 dB(A)). There were no significant differences between groups in nighttime noise (*P* = 0.6). Mean light level during nighttime also did not differ (intervention: 167.1 ± 5 lux; control: 170.2 ± 8 lux).

Discussion {#Sec15}
==========

Adequate sleep is a required condition for recovery after serious illness. Previous studies have reported that patients suffer severe sleep disturbances after cardiac surgery \[[@CR32],[@CR33]\]. It is essential in clinical practice to control or attenuate various factors disrupting sleep and thus, maximize patients' ability to experience restorative sleep. Overall, these results support the notion that using protective devices (earplugs and eye masks) plus listening to sleep-music during the night can significantly improve subjective sleep quality in an ICU setting.

We found that the mean preoperative PSQI scores of the two groups were more than seven points in this study, indicating that the preoperative sleep quality of the participants in both groups were generally poor. Difficulty in falling asleep and difficulty in staying asleep were the two main symptoms, similar to data reported by Redeker \[[@CR32]\].

It has been reported that ICU patients are exposed to an environment with high noise levels and continuous day-to-night lighting \[[@CR4],[@CR8],[@CR13]-[@CR15]\]. Continuous monitoring and care are commonly needed in the ICU and patients find themselves surrounded by medical and technological equipment. Aside from their presenting health problem, its treatment and care, the ICU environment may increase stress among patients \[[@CR34]\]. Our previous study indicated that using earplugs and eye masks can improve REM sleep and sleep quality in healthy subjects in a simulated ICU environment \[[@CR28]\]. The results are similar to those of other studies using earplugs and eye masks \[[@CR24],[@CR35],[@CR36]\].

Patients' compliance with and tolerability of these interventions is critical. It has been reported that some ICU patients refuse to wear earplugs and eye masks because they feel uncomfortable, cannot see anything or feel pain after wearing them \[[@CR35],[@CR37]\]. We found similar responses in three patients in this study. One patient described nervousness, a feeling of panic and a sense of suffocation after wearing an eye mask and earplugs and another reported feeling pain in the ear canal with the ear plugs. One patient withdrew after listening to music for only 5 minutes. The objective of protective intervention and music therapy is to help patients fall asleep and maintain sleep by reducing interference from potentially noxious environmental stimuli and relieving their anxiety with soothing music. Therefore, the prerequisite for applying a certain method must be that the patient readily accepts this kind of method. This suggests that the ICU staff must actively help patients to understand the benefits before applying the intervention. The nurses should assess individual variability in sensitivity or anatomy of the ears and patients' acceptability of the protective devices prior to using them. Medical staff members should learn how to apply earplugs and eye masks properly to help patients benefit. For example, critical care nurses should help patients select the appropriate size of earplugs and eye masks, and provide accurate instructions and assistance for their use, especially for how to insert earplugs properly, and minimize any transient discomfort.

Melatonin is a major regulator of circadian rhythm in humans, which differs from evidence for circadian rhythm that melatonin is not secreted in specific strains of mice \[[@CR38]\]. Melatonin is secreted from the pineal gland, while cortisol is one of the major glucocorticoid hormones secreted by the adrenal cortex. Both play a role in the regulation of the sleep-wake cycle. Melatonin secretion follows the day-night cycle, with levels normally low during daytime, increasing soon after onset of darkness, and peaking in the middle of the night \[[@CR39]\]. Cortisol levels tend to run in an opposite pattern, with peak levels occurring 30 minutes after awakening \[[@CR40]\]. Several studies have suggested that sleep disorders and cognitive dysfunction in ICU patients may be associated with disruption of melatonin secretion \[[@CR41],[@CR42]\]. Persistent high cortisol levels may affect metabolism, organ function, and immune function. These physiological sequelae are not conducive to recovery. In the present study no significant differences were found in 6-SMT levels and cortisol levels between the two groups during the three nights, yet the level of nocturnal melatonin secretion decreased significantly, while the level of cortisol secretion increased significantly on both postoperative nights. Previous studies indicated that medication (such as analgesics, sedative, and beta-blockers), surgery and anesthesia may influence the secretion of melatonin and cortisol \[[@CR43],[@CR44]\]. Therefore, all of these factors may play a role in the melatonin and cortisol results and mask potential effects of the intervention in our study.

Our levels of 6-SMT were found to be lower than those reported in a previous study of 40 patients in a surgical ICU \[[@CR45]\]. There is great interpatient variability in absolute 6-SMT levels; indeed, we observed 20-fold inter-individual variability in 6-SMT levels \[[@CR45]-[@CR48]\] in our patient population. Thus, large sample sizes are required to observe significant between-group differences. Melatonin secretion varies with age and to some extent with gender \[[@CR49]\]. Varying urine collection strategies also make it difficult to make cross-study comparisons.

Environmental light is a main *zeitgeber* of the circadian rhythms, and can affect melatonin secretion \[[@CR46]\]. Environmental factors such as ambient noise are also main synchronizers \[[@CR50]\]. ICU usually requires continuous artificial lighting at night. Although we tried to reduce the influence of light and noise disturbance on patients by offering them earplugs and eye masks at night, and provided music therapy to relax and imply time of day and help patients sleep, the results still showed that the effort did not significantly impact biological measures related to light-dark transitions. Our ICU has very few windows so artificial lighting is required for daytime lighting, which can result in loss of patients' accurate cognition of time and space, inducing disruption in patients' biological clocks and affecting sleep quality. The suprachiasmatic nucleus (SCN), the central circadian pacemaker in mammalians, can be altered by cognition \[[@CR51]\]. Our results are not entirely consistent with the results of our previous study in the sleep laboratory \[[@CR28]\]. Compared with healthy subjects, ICU patients' sleep, melatonin and cortisol secretion are not only affected by noise and light, but likely also by many other factors, including their disease, admission to an ICU, surgical intervention and medications, which may all contribute to the differences in results between the previous simulated experiment and the present clinical trial.

Limitations of the study and suggestions for future studies {#Sec16}
-----------------------------------------------------------

Our study design has a number of limitations, which should be noted. First, the study only evaluated subjective sleep quality and did not carry out an objective sleep assessment. PSG is the gold-standard of sleep measurement. However, PSG application is limited in the ICU due to its high cost and inconvenient manipulation. Second, the study only assessed a 12-hour nocturnal period rather than over 24 hours during the first two nights in ICU. ICU patients experience circadian rhythm disturbances with sleep traversing day and night. Therefore, an ideal study should measure the sleep pattern and circadian rhythm over multiple 24-hour periods. Moreover, this study included a specific population in a CSICU. Therefore, results may not be applicable to all settings and all patients. In addition, our sample sizes were small, which limited the power of our statistical analyses. Future studies with larger and more diversity of the participants would likely support these recommendations.

Conclusions {#Sec17}
===========

In summary, our results clearly demonstrated the combination of using earplugs and eye masks with relaxing background music is useful for promoting sleep in CSICU adult patients, but the underlying mechanisms are more complex than simple changes in levels of 6-SMT and cortisol. Our pilot study provides a reasonable basis for promoting these non-pharmacological interventions for ICU patients. Future study designs to replicate our results should consider including larger samples, include more diverse ICU populations, extend the time frame for data collection and post-discharge follow up to determine any longer-term benefits of this intervention.

Key messages {#Sec18}
============

Using earplugs and eye masks with relaxing background music is useful for promoting the sleep perception of the patientUsing earplugs and eye masks with relaxing background music does not influence the nocturnal melatonin or cortisol levels
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